Background: Non small cell lung cancer (NSCLC) is diagnosed in most cases on small tissue samples, such as cytological preparations and histological biopsies; these limited tissue specimens may be not always sufficient for testing epidermal growth factor receptor (EGFR) mutations and other relevant predictive biomarkers. Cell-free DNA (cfDNA) can be used as a surrogate for EGFR mutational testing, whenever tissue is unavailable. However, the detection of gene mutations on cfDNA is challenging; in fact, the extremely low concentration of circulating tumor DNA requires the implementation of highly sensitive and validated next generation techniques.
Introduction
Non small cell lung cancer (NSCLC) is diagnosed in most cases at advanced stages of disease. Diagnostic samples are frequently scarcely cellular, being represented by either cytological specimens or small tissue endoscopic biopsies;
these limited tissue samples often may be not sufficient for epidermal growth factor receptor (EGFR) and other clinical relevant biomarkers, such as ALK translocation and PD-L1 expression, whose assessment is required to select patients for first line treatment administration (1, 2) . In particular for EGFR tyrosine kinase inhibitors (TKIs), such as gefitinib, erlotinib and afatinib the identification of activating EGFR mutations in exon 18, 19 and 21 is mandatory before the first line treatment (3) (4) (5) (6) (7) (8) . To date according to the European Medicines Agency guidelines, in patients without tissue availability, only for EGFR TKIs treatment decision making, cell-free DNA (cfDNA) can be used as a fast and non-invasive surrogate for EGFR mutational testing (9) (10) (11) (12) (13) . However, the assessment of
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Cell free DNA analysis by SiRe ® next generation sequencing panel in non small cell lung cancer patients: focus on basal setting gene mutations in cfDNA is challenging, in particular in basal setting, for the detection of first and second TKIs generation EGFR sensitizing mutations, due to the very low concentration of circulating tumor DNA, that represent only a small fraction of the total cfDNA (9, 10, (12) (13) (14) (15) . Thus, the clinical implementation of next generation techniques, such as next generation sequencing (NGS) or digital PCR (dPCR) based assay is crucial (9, 10, 12, 13, 16, 17) . In a recent study of ours, we validated the SiRe ® NGS panel for mutation detection in EGFR, KRAS, NRAS, BRAF, cKIT and PDGFR starting from cfDNA retrieved from patients with different solid tumors (NSCLC, metastatic colo-rectal cancer, melanoma and gastrointestinal stromal tumor) (13) . SiRe ® , with a lower limit of detection of 0.01% and a reference range of 568 clinical relevant mutations, showed a higher analytical performance respect to a very sensitive modified TaqMan probe real time PCR based approach (13) . In the clinical trials settings and in other published validation studies (18) (19) (20) , the analysis of cfDNA gene mutations was carried out using as gold standard the mutational status obtained on matched tissue derived DNA, but little is known regarding the application of this approach in clinical setting, in particular in baseline setting of NSCLC patients, prior to EGFR TKIs administration, without a referent DNA derived tissue to confirm the mutational data obtained on cfDNA (21) .
In this current study, we reviewed the NGS data obtained by using SiRe ® NGS panel starting from cfDNA collected in routine NSCLC baseline setting to prospectively select patients, without tissue availability, for first and second generation EGFR TKIs treatment administration.
Methods
Our molecular laboratory is an accredited Italian reference center for predictive molecular pathology testing in oncology (22) . In particular for NSCLC patients, from January 2017 to March 2017, n=64 liquid biopsy analysis was requested from the oncologists of different South Italy institutions (n=14), following the European Medicines Agency guidelines, for the analysis of EGFR mutations on cfDNA inpatients without tissues availability at presentation, to assess the eligibility to first and second generation EGFR TKIs ( Table 1) . On the overall n=39 men and n=25 women were analyzed with a mean age of 66 years (range, 36-89 years). For each patient, 10 mL of blood was collected in-house by using EDTA Vacutainer tubes (BD, Plymount, UK) by a dedicated nurse at the Department of Public Health of the University of Naples Federico II. The protocols adopted in this study were previously validated (13) . Briefly, before cfDNA extraction, two centrifugation steps (2,300 rpm for 10 min) were carried out to obtain at least 1.2 mL of plasma for each patient. cfDNA was extracted by using the QIAsymphony DSPVirus/Pathogen Midi Kit on the QIAsymphony robot (Qiagen, Venlo Limburg) accordingly with the manufacturer instructions. By using SiRe ® panel, following the previously validated protocol, libraries were automated constructed and purified using Ion AmpliSeq DL8 Kit (Thermofisher) on the Ion Chef instrument (Thermofisher) and, after barcoding, purified libraries derived from eight cfDNA plasma samples were diluted and combined with eight additional cfDNA-derived libraries to obtain a 16 Ion Code pooled library, re-loaded into the Ion Chef instrument for template preparation by using the Ion PGM Hi-Q IC Kit (Thermofisher). Finally, templates were loaded into the 316v2 chip and sequenced on Personal Genome Machine (PGM). Signal processing and base calling were carried out using the default basecaller parameters on Torrent Suite (v.5.0.2) and coverage analysis was performed using SiRe ® specific bed files with coverage plug-in (v.5.0.2.0). In addition to automatic variant calling analysis, by using SiRe ® panel specific optimized variant caller plug-in (v.5.0.2.1) parameters, BAM files were visually inspected with the Golden Helix Genome Browser v.2.0.7 (Bozeman, MT, USA). Only variants with >5× allele coverage and a quality score >20, within an amplicon coverage at least 1,000× alleles, were reported and the relative mutated allele frequency was annotated, considering not only EGFR, but also KRAS, BRAF and NRAS gene hotspots region, relevant for NSCLC and covered by the SiRe ® panel.
Written informed consent was obtained from all patients and documented in accordance with the general authorization to process personal data for scientific research purposes from 'The Italian Data Protection Authority' (http://www.garanteprivacy.it/web/guest/home/docweb/ docwebdisplay/export/2485392) and all samples were handled in compliance with the Helsinki Declaration (http://www.wma.net/en/30publications/10policies/b3/).
Results
The clinical performance of the SiRe ® panel in basal setting was assessed by prospectively testing the plasma derived cfDNA of n=64 NSCLC patients for whom no tissue was available to test the EGFR mutational status for TKIs J Thorac Dis 2017;9(Suppl 13):S1383-S1390 jtd.amegroups.com © Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 13):S1383-S1390 jtd.amegroups.com C treatment administration. The SiRe ® NGS analysis results were adequate in 98.4% of cases (63/64) accordingly to the quality parameters reported in the methods section and previously validated; only one cases (#30) failed to reach the quality thresholds for data analysis. Regarding the run metrics parameters ( Table 1) , the median number of reads for sample was 120,960, the median number of read length was 127 bp, the median number of mapped reads was 120,498, the mean percentage of reads on target was 97%, the average reads for amplicon was 2,894 and the uniformity of coverage was 98%, in accordance with the data obtained in our previous validation study (13) . On the overall, considering EGFR, KRAS, NRAS and BRAF genes, 24 patients (38%) showed at least one mutation. Only one patient (#7) showed two concomitant mutations (NRAS p.G13D and KRAS p.Q61H). In particular, 5 EGFR mutations (8%) were detected [n=2, exon 19 deletions (both p.E746_A750delELREA); n=2, exon 20 insertions (p.H773_ V774insH and V769_D770insASV); and n=1, p.L858R exon 21 point mutation]; 14 KRAS point mutations (22%) [n=11, exon 2 mutations (n=4 p.G12C, n=3 p.G12D, n=1 p.G12S, n=1 p.G13D and n=2 p.G13S); and n=3, exon 3 point mutations (n=1 p.A59V and n=2 p.Q61H)]; n=4 NRAS point mutations (6%) [n=2, exon 2 mutations (n=1 p.G12S and n=1 p.G13D); and n=2, exon 3 point mutations (n=1 p.A59C and n=1 Q61P)]; 2 (3%) BRAF point mutations [n=1 exon 11 p.G469A mutation and n=1 exon 15 p.V600E mutation]. The mutated allele frequency for each mutation detected is reported in Table 1 .
Prior to clinical reporting, only the EGFR detected mutations by the SiRe ® panel were also confirmed by digital PCR based assay. An example of this approach was showed in Figure 1 .
Discussion
Data, generated by the SiRe ® NGS panel on cfDNA, prospectively collected from NSCLC patients, without tissue availability, examined for first and second generation EGFR TKIs treatment administration, are here reported; the performance of this NGS panel designed to cover only the current clinical relevant mutations, was more than excellent.
Our data confirm previous validation data. Preliminary, we had prospectively analyzed a total of 79 NSCLC patients on cfDNA. In 46 instances, cfDNA had been derived from NSCLC patients at presentation; in this subset, we detected four EGFR mutations (8.7%); more in details, these were one point mutation in exon 18 (p.G719A), two deletions in exon 19 (both p.E746_A750delELREA) and one insertion in exon 20 (p.H773-V774insH) (13) . Here, in this current subsequent study, we detected two exon 19 deletions (both p.E746_A750delELREA), two exon 20 insertions (p.H773_ V774insH; V769_D770insASV) and one p.L858R exon 21 point mutation. Thus, we confirm an overall EGFR mutation rate of 8.0%. In all instances, the EGFR mutations were always confirmed by an independent orthogonal dPCR based assay (Figure 1 ). In addition, in the present study we have also sequenced, in the same sample set, KRAS, NRAS and BRAF NSCLC relevant hot-spot regions, reporting an overall mutation rate of 38%. In particular, we detected 22% KRAS, 6% NRAS and 3% BRAF mutated samples, with only one patient that showed two concurrent mutations (NRAS p.G13D and KRAS p.Q61H). It is remarkable to note that the mutation distribution in cfDNA of this NSCLC baseline patient series was very similar to that reported on tissues derived DNA by previous studies exploiting a multi-gene assay in NSCLC (18) (19) (20) (21) .
As a general rule, in the clinical trial settings the analysis of cfDNA had as a reference the mutational status obtained on tissue derived DNA (18) (19) (20) . Conversely, following the European Medicines Agency guidelines, in baseline setting, the cfDNA analysis is indicated only for those patients in which tissues is not available. For this reason, the ability of SiRe ® , to detect also mutation in KRAS, NRAS and BRAF genes, offer an internal control in patients that do not show alterations in EGFR, considering that in the most part of the cases these mutations in these genes are mutually exclusive.
In conclusion, our data update and confirm that SiRe ® NGS panel represents a robust analytical tool for a centralized laboratory enabling the possibility to test cfDNA mutational status in basal setting of NSCLC patients when no tissue samples are available to assess EGFR mutational status for first line treatment decision making.
